Summary
The aim of this study was to describe the 20-year changes in body mass index (BMI; kg m -2
) and the prevalence of overweight in Japanese adults. Crosssectional annual nationwide surveys (National Nutrition Survey, Japan) were carried out with a large probability sample of the Japanese population. Data sets of the 1976-95 surveys, comprising 91 983 men and 120 822 women (≥20 years of age), were used. The analyses were carried out in age and gender groups, and by residential area according to the size of the municipality (metropolitan areas, cities and small towns). The mean BMI increaseed in men with an increment of +0.44kgm -2 10 years -1 and slightly decreased in women, by -0.09kgm -2 10 years ) men increased from 14.5% and 0.8%, respectively, in the time-period 1976-80 to 20.5% and 2.01% during 1991-95. The increasing trend was most evident in the youngest age-group (20-29 years) and in those from small towns. The overall prevalence of preobese and obese women did not change during the 20-year study period. The prevalence in younger women decreased, this trend being more prominent in metropolitan areas. Although the prevalence of overweight (BMI ≥25 kg m
Introduction
Increasing tendencies to diabetes mellitus (1) and hyperlipidaemia (2) are considered to be partly caused by changes in the diet and physical activity of the Japanese population during recent decades (3) . In the context of these relationships, obesity should be an important risk factor (4, 5) . Several reports showed some evidence of increasing overThe purpose of this study was to describe the changes in BMI and the prevalences of overweight and obesity in Japanese adults by reanalysing data sets of the J-NNS collected from 1976 to 1995, which included more than 200 000 Japanese ≥€20 years of age.
Materials and methods

Survey methods of the J-NNS
In the annual survey of the J-NNS, approximately 6000 households in 300 areas, randomly selected from enumerated districts based on the population census, were recruited (10). The sampling areas are stratified by the size of municipality of residence (≥€1 000 000, metropolitan; 150 000 -<1 000 000, large cities; 50 000 -<150 000, medium-sized cities; <50 000, small cities and towns).
The annual survey consists of three components: household dietary surveys; a physical examination of the households' individuals; and a questionnaire survey on the dietary habits of the individuals. The family members in the selected households were requested to undergo physical examinations by physicians and public health nurses at a local centre near their residence, where body weight and height were measured (the subject wearing light indoor clothes but no shoes) by the use of a spring scale and a stadiometer (10, 11) .
Data sources
We used the data sets of the J-NNS from 1976 to 1995 (i.e. a total of 20 years), stored on magnetic tapes, with the permission of the Ministry of Health and Welfare. There were 348 002 subjects ≥ one year of age (161 030 male and 186 972 female). We excluded 102 185 persons <20 years of age and 4151 pregnant or lactating women from the initial data set, giving a total of 241 174 (108 972 male, 132 202 female). Among them, body weight and height values were recorded for 91 983 men (84.4%) and 120 822 women (91.4%), and analyses were performed using data from these subjects. The numbers of adults by age and gender are shown in Table 1 .
Analyses
We calculated BMI (kg m (preobese) and ≥€30 kg m -2 (obesity classes I, II and III) according to the World Health Organization (WHO) recommendation (12) . For international comparisons, we calculated age-adjusted values for mean BMI and percentages of preobesity and obesity by using the direct standardiza-tion method (13) to the age-structure of the new world population (14) .
As a demographic factor, residential areas were divided into three groups -metropolitan, cities and small townson the basis of a stratification of the sampling areas into five categories. We calculated the mean BMI and the prevalence of preobesity and obesity by gender and age-groups, and by residential areas. The tabulated data were shown for four periods with pooled five-year data from 1976 to 1995.
We analysed the secular trends in the average BMI during the 20-year period from 1976 through 1995 by using general linear models. We computed regression coefficients of BMI for successive survey years, which were coded as 0, 0.1, 0.2, etc., up to 1.9, for 1976, 1977, 1978, etc ., up to 1995. The results are shown as coefficients in terms of kg m -2 10 years -1 with 95% confidence intervals. Ageadjusted data were used except for the age-specific data in multiple regression models (15) .
On the other hand, secular trends in the prevalence of the combined prevalences of overweight, i.e. preobesity and obesity, are described as odds ratio for an increase over 10 years by means of multiple logistic models with ageadjusted data (15) . An odds ratio with lower confidence intervals which exceed 1.0 indicate a statistically significant increase by year, while an odds ratio with an upper confidence interval below 1.0 implies a significantly declining yearly trend. We also show visually the yearly changes in mean BMI by age and gender groups based on the ageadjusted values. Figure 1 shows the yearly changes in mean BMI by gender and age-groups. The differential patterns in the women aged 20-29 and 30-39 years of age are clearly evident. Table 2 shows the mean and standard deviation of BMI in 10-year age-groups in the four time-periods: 1976-80, 1981-85, 1986-90, and 1991-95. The ageadjusted changes in mean BMI estimated by the linear regression models were +0.44 and -0.09 kg m -2 10 years
Results
for men and women, respectively, both of which were statistically significant. The increased BMI trends in men were remarkable, especially those in the 50-59 years age-group, living in small towns. Apart from some differences in the coefficients across age-groups, the increasing trends in BMI were consistent in all male subgroups, ranging from +0.33 (in the younger group in the metropolitan areas) to +0.64 kg m -2 10 years -1 (in the older group in small towns). On the other hand, trends in the BMI for the women showed different patterns by age, with negative coefficients for the women aged 20-49 years and positive coefficients for the women ≥60 years of age. The mean BMI values in the women 50-59 years of age were stable. The largest coefficient was observed in the 60-69 years age-group (+0.33 kg m -2 10 years
) but this was still lower than the overall trends in men. The largest negative trend, i.e. -0.38 kg m -2 10 years
, was observed in the youngest women (20-29 years age-group) and this feature was most prominent in the subgroup living in metropolitan areas. In contrast, the positive trends in the older women were remarkable in small towns. Table 3 shows the changes in the prevalence of overweight in terms of both preobesity and obesity. The overall age-adjusted prevalences of preobesity and obesity in 1976-80 were 14.5 and 0.84% for men and 15.7 and 2.33% for women, respectively. The prevalences in men had increased to 20.5 and 2.01% by 1991-95, but a slight decrease occurred in women to 14.7 and 2.30% during the same time-period. The changed prevalences of overweight, with increases in men and decreases in women, were statistically significant with odds ratios for the 10-year-change being 1.33 (95% confidence interval (CI): 1.29-1.37 for men and 0.95 (95% CI 0.93-0.97) for women after age adjustment. Among the men, the largest odds ratio was observed in the youngest age-group (20-29 years) , in which the prevalence of overweight had increased from 9.4% in obesity reviews Changes in the body mass index of Japanese adults N. Yoshiike et al. 185 Male  1976  984  1130  1290  884  676  401  5365  1977  764  910  1032  683  547  334  4270  1978  730  1099  1062  814  563  359  4627  1979  776  1130  1153  905  587  376  4927  1980  804  1286  1252  1067  714  511  5634  1981  568  894  850  812  487  366 1976-80 to 17.1% in 1991-95, i.e. almost doubled. In terms of residential area, the odds ratios for the increase were the highest in small towns both in the younger and older subgroups of men. The trends in overweight for women showed a fall in the younger age-groups (20-59 years) and increases in the older age-groups (60+ years) with a clear, age-dependent pattern. The decreasing prevalences in the younger women were most significant in the metropolitan areas.
Discussion
The prevalence of obesity (BMI ≥30) in Japanese adults has been quite low (1-3%) compared not only with western countries, but also with some Asian and other countries ) in Japanese were 20.5 in men and 14.7 in women, prevalences which are comparable to those for obesity in western societies (12) . The prominent finding was the increasing trend in overweight prevalences in all male age-groups and in elderly women. In fact, the risk of hypertension, dyslipidaemia and glucose intolerance is high at BMI levels of 25 kg m -2 in Japanese Yearly changes in mean body mass index by age and gender; The National Nutrition Survey, Japan 1976-95. Note: data were adjusted for the age-distributions using data from the new world population (14) .
populations (18, 19) . This means that a moderately high BMI (25-29.9 kg m ), referred to as 'preobese' within the 'overweight' category in the WHO report, is a weight range of substantial importance for the increased risk of hypertension, dyslipidaemia and diabetes mellitus.
From a public health standpoint and the need for effective strategies for the primary prevention of chronic obesity-associated diseases, decreasing the fraction of the population with BMI values of 25-29.9 kg m -2 is important for reducing the risk of such diseases in the Japanese population.
Another noticeable finding of our analyses was the decreasing trends in BMI observed in women <50 years of age; the decline in BMI was more significant in the younger age-groups and in those living in metropolitan areas. This seems to be a characteristic feature of the Japanese. The obesity reviews Changes in the body mass index of Japanese adults N. Yoshiike et al. 187 increasing prevalence of overweight and obesity has been reported in many other countries and regions of the world (12, 16) . Most reports show consistently increasing trends in preobese and obesity in both sexes, and several European reports indicate a significantly greater increase in women than men (20) (21) (22) (23) . To our best knowledge, surveys in Finland (24, 25) , showing a significant decline in mean BMI levels from 1972 to 1992, and in Brazil (26), with a substantial reduction in the prevalence of obesity among upper income urban women from 1989 to 1997, are the only data reporting a fall in obesity rates in adult women at a national level. Monteiro et al. discussed a hypothesis that an educational intervention aiming at obesity control through mass media could more effectively reach the bettereducated higher-income Brazilian women (26). In our settings, obesity control had not been a prioritized agenda in Calculated by a logistic model using the raw data from 20 points of observation. Data are expressed as: value (95% confidence interval). § public health policy, at least during the observation period of this study. Other reasons, except health issues, should therefore be considered, and are discussed below. Although a dietary survey has been conducted as part of the J-NNS, food intake data for individual subjects were unavailable until 1995 because a household food-weighing method was previously used (27) . However, trend data for average figures of food intake in Japan indicate that total energy intake has not increased. Rather, it has gradually decreased, while the fat intake has consistently increased over the last two to three decades (9, 28) . Increased fat intake might have contributed to the increased BMI in Japanese men, but the fat-obesity hypothesis (29) is still controversial (30, 31) . In-depth analysis on diet data in the J-NNS, comparing fat intake between all of Japan and that of the Tokyo metropolitan area alone, showed a clear difference in the phase of transition of diet (32) . A much steeper rise in fat intake was observed in the Tokyo metropolitan area until 1976, exceeding an average fat intake in Japan by 5-10 g d -1 (Fig. 2) . This difference, however, disappeared during the 1980s. A specific hypothesis to explain this observation is that the urban-rural difference in dietary habit was at a maximum in the years around 1976 (the initial year of this study), resulting in higher prevalences of obesity in urban areas. Since the early 1980s, the urban-rural difference in diet has decreased owing mainly to a rapid transition in rural areas, which may explain the more prominent increase of obesity rates in rural areas.
As part of the J-NNS, dietitians also evaluated the physical activity level of each subject by interview and estimating the approximate time spent sitting, standing, walking and undertaking muscularly demanding work in a typical day. On this basis, subjects were categorized into four groups according to their estimated daily needs for energy (10) . Although these data are available, the rating method had been changed by the periodic revision of the report of the recommended daily allowances of energy for the Japanese, making it impossible to calculate precisely the actual physical activity levels of the survey samples. However, the transition in the patterns of work, the mechanization of agriculture and other manual tasks (especially in men in rural areas) could partly explain the increasing prevalence of overweight in Japanese, especially in men. Therefore, both increased fat intake and a greater prevalence of sedentariness and inactivity might be important causes of the increasing prevalence of overweight in Japanese.
The desire of young women to be thin and their use of extreme diets which, in some cases, can lead to anorectic eating disorders, may explain the decreasing trends in BMI in younger women (33) . This phenomenon could be much influenced by social circumstances (34) , so it is significant that the most pronounced falls in BMI and the lowest prevalences of overweight occurred in young women in the metropolitan areas. Although further investigations should be made to assess these issues, the national policy is to recommend weight control for the public, whilst avoiding the possible hazard of pressurizing young women to reduce their body weights to unhealthy degrees. Therefore, population approaches for the control of obesity and the prevention of chronic degenerative diseases should be mainly focused on men and on women ≥40 years of age.
